Respiratory responses during exercise were observed to determine whether improvement of oxygen availability in working skeletal muscle is attributable to increased aerobic capacity after administration of nitrate in patients with effort angina. After isosorbide dinitrate (ISDN) administration, the aerobic capacity increased 3.3ml/min/Kg(20%) as compared with the control test (p<0.001), but the anaerobic threshold (AT), a good indicator of oxygen availability, was unchanged, and the respiratory quotient at the peak of exercise was elevated. These findings suggest that oxygen availability in skeletal muscle was not altered after ISDN, and increased exercise load accompanied increased anaerobic glycolysis. It was concluded that the nitrate-induced increase in aerobic capacity was not dependent upon the change in oxygen availability in skeletal muscle but rather upon the elevated anginal threshold.
SUMMARY
Respiratory responses during exercise were observed to determine whether improvement of oxygen availability in working skeletal muscle is attributable to increased aerobic capacity after administration of nitrate in patients with effort angina. After isosorbide dinitrate (ISDN) administration, the aerobic capacity increased 3.3ml/min/Kg(20%) as compared with the control test (p<0.001), but the anaerobic threshold (AT), a good indicator of oxygen availability, was unchanged, and the respiratory quotient at the peak of exercise was elevated. These findings suggest that oxygen availability in skeletal muscle was not altered after ISDN, and increased exercise load accompanied increased anaerobic glycolysis. It was concluded that the nitrate-induced increase in aerobic capacity was not dependent upon the change in oxygen availability in skeletal muscle but rather upon the elevated anginal threshold. were sucked into a mass spectrometer EL 1100 (Perkin Elmer Co., Ltd.) at a rate of 60ml/min, and oxygen and carbon dioxide contents were analyzed continuously. Subsequently, these values were put into a RM-200 on-line system for computer analysis to calculate the oxygen intake and carbon dioxide production at each breath. The measured variables were minute oxygen intake (VO2 ml/min/Kg), minute carbon dioxide production (VCO2 ml/min/Kg), respiratory quotient (RQ), minute ventilation (VEl/min), oxygen removal (V02/VE) and VCO2/VE. These values were recorded on a printer every 30 sec during and after exercise. The value for 5 min in the sitting position before exercise is a resting level. The anaerobic threshold (AT: expressed as VO2) was visually determined as the initial breakpoint at which an increment of VE exceeded that of VO2 during exercise (Fig. 3 ). Blood pressure (BP) was measured using a sphygmomanometer. Fig. 4 . Comparison of the maximum V02/VE, and V02/VE and RQ at peak of exercise between control test and ISDN test. The maximum V02/ VE was unchanged after ISDN. However V02/VE at peak of exercise was significantly decreased and RQ was significantly increased after ISDN. These findings suggest that increased anaerobic glycolysis is relevant to the increased energy metabolism after ISDN. capacity. The AT is known to be influenced by several factors such as oxygen transport,13) activity of the oxydative enzymes in mitochondria of skeletal muscle,14) mass of working skeletal muscle15) and composition of the muscle fibers.16) It has been postulated that nitrate may improve the oxygen availability in working skeletal muscle resulting in an increased AT. This hypothesis is supported by the findings that nitrate increases cardiac output during exercise in effort angina,4) resulting in an increase in oxygen transport to skeletal muscle. Furthermore, peripheral venodilating effects of nitrate17) cause marked blood pooling in the lower extremities, thus, the contact area between capillary blood and skeletal muscle fibers is augmented, consequently increasing oxygen extraction.18) However, according to our results, AT did not change after ISDN. However, there was a significant, 20% increase in aerobic capacity. This finding suggests that the improved aerobic capacity after ISDN in effort angina cannot be explained as the results of a change in oxygen availability. The unchanged maximum V02/VE after ISDN was also derived from the unchanged oxygen availability. On the other hand, increased aerobic capacity correlated well with increased anginal threshold. Thus, it is probable that the effects of nitrate on aerobic capacity are mainly attributed to anti-anginal effect. Since AT was unchanged, the increased energy metabolism after ISDN was supported by augmented anaerobic glycolysis, as indicated by the increased RQ and decreased V02/VE at the peak of exercise after ISDN.
Several mechanisms may explain why AT was unchanged despite the increased aerobic capacity after ISDN. First, cardiac output is not necessarily increased after nitrate due to an extreme reduction of venous return, although anginal attack is alleviated. Second, since blood flow in working skeletal muscle is precisely regulated by energy metabolites in order to respond to the oxygen demand,19) it may be unchanged after ISDN, even though cardiac output during exercise increases after ISDN. Finally, even when the blood flow in skeletal muscle is increased with resultant increased oxygen transport or when the blood volume in the lower extremities is increased by venodilation after nitrate, it seems aerobic metabolism is not increased without increased activity of the oxydative enzymes in the mitochondria.14) Therefore, although AT was not altered by nitrate in this study, it is possible that AT is increased in cases with increased physical activity in daily life, as a result of improved anginal symptoms due to long-term therapy with nitrates. This may be related to improvement in oxygen transport and in the metabolic status of skeletal muscle.20) In this situation, a further increase in aerobic capacity may also be expected.
There are several limitations of this study. 
